Objectives: The aim of this study was to compare the parameters of vocal acoustic and vocal efficiency analyses in medical students and academic teachers with use of the IRIS and DiagnoScope Specialist software and to evaluate their usefulness in prevention and certification of occupational disease. Material and Methods: The study group comprised 40 women, including students and employees of the Military Medical Faculty, Medical University of Łódź. After informed consent had been obtained from the participant women, the primary medical history was taken, videolaryngoscopic and stroboscopic examinations were performed and diagnostic vocal acoustic analysis was carried out with the use of the IRIS and DiagnoScope Specialist software. Results: Based on the results of the performed measurements, the statistical analysis evidenced the compatibility between two software programs, IRIS and DiagnoScope Specialist, with the only exception of the F4 formant. The mean values of vocal acoustic parameters in medical students and academic teachers, obtained by means of the IRIS software, can be used as standards for the female population not yet developed by the producer. When using the DiagnoScope Specialist software, some mean values were higher and some lower than the standards specified by the producer. Conclusions: The study evidenced the compatibility between two measurement software programs, IRIS and DiagnoScope Specialist, except for the F4 formant. It should be noted that the later has advantage over the former since the standard values of vocal acoustic parameters have been worked out by the producer. Moreover, they only slightly departed from the values obtained in our study and may be useful in diagnostics of occupational voice disorders.
INTRODUCTION
The human voice, generated in the larynx due to the interaction of aerodynamic and acoustic mechanisms, is a complex phenomenon that requires a multifaceted approach and a comprehensive evaluation. That is why the human voice, like physical force, cannot be defined by only one measure [1] [2] [3] .
Wiskirska-Woźnica et al. [4] remind that a simple relationship between the degree of acoustically assessed dysphonia and the extent of changes in the larynx does not exist. They
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After the informed consent of the study group had been obtained, a primary medical history was taken, videolaryngoscopic and stroboscopic examinations were performed and diagnostic vocal acoustic analysis was carried out with use of the IRIS and DiagnoScope Specialist software. The women under study were nonsmokers, drank alcohol occasionally and have been professional voice users for 3-15 years (mean: 7 years) in the communication process. No hormonal disorders were reported. No disorders were revealed on videolaryngoscopic and stroboscopic examinations. The IRIS software module, a condenser microphone (Supercardioid XM1800S), Tube Ultragain MC100 devices and PC Realtek HD Audio sound cards were used for voice recording. Audio samples were recorded in a quiet room with a sound level of 30 dB. In a short-term analysis, each woman under study was asked to phonate three times the sustained /a:/ vowel into the microphone placed 10 cm from her mouth. After a few-minute break the voice was being recorded with use of the DiagnoScope Specialist software for the vocal acoustic and efficiency analyses and a computer condenser microphone. In the diagnostic acoustic analysis, the sustained (approximately 1.5 s) /a:/ vowel sound, produced twice on one breath, was recorded. The interval between the vowels, used to define the background noise level, was approximately 1 s. In the vocal efficiency analysis, the maximum prolonged phonation time of the sustained /a:/ vowel was recorded. The recording started when the phonation began (the moment found to be most convenient by the study participant). The physician started the recording as soon as the phonation was heard and stopped recording when it ceased. Based on the recordings made with use of the IRIS and DiagnoScope Specialist software, the following vocal acoustic parameters were analyzed: relative average perturbation noticed that the majority of significant relationships between the study results could be found in the correlation assessment of parameters that define vocal folds vibrations in videostroboscopy and acoustic parameters of generated vocal wave in the Multi-Dimensional Voice Program (MDVP). Scientific and technological progress provides the ground for the application of more and more novel methods of voice assessment. However, this requires modern measurement devices and highly specialized staff able to perform and interpret various tests, although their value does not always meet the expectations of researchers [5, 6] . The present methods for investigating phonatory activity of the larynx may be divided into six groups: laryngostroboscopy, assessment of the vocal folds vibration, acoustic techniques, aerodynamic tests, examination of vocal field and basic voice frequency, and laryngeal electromyography. In modern phoniatric or phonological laboratories acoustic analyses have become most common in the diagnosis of voice and speech disorders. The value of these tests has significantly increased due to the introduction of very fast digital voice analyzers, based on the latest computer generations with specially designed software [7, 8] . In our Department the IRIS software has been used in voice acoustic assessment for a number of years [2, 3] , and now the DiagnoScope Specialist software is the newest tool for the sound perception assessment. The aim of this study was to compare the parameters of vocal acoustic and efficiency analyses in medical students and academic teachers with use of the IRIS and DiagnoScope Specialist software and to evaluate their usefulness in prophylactic and preventive procedures and occupational disease certification which many a time is a difficult task [9] .
MATERIAL AND METHODS
The study comprised 40 women (aged 22-39, mean: 23.5 years), including students and employees of the Military Medical Faculty, Medical University of Łódź. (F1, F2, F3, F4 ), harmonic perturbation quotient (HPQ), residual to harmonic (R2H), non-harmonic to harmonic (U2H), noise to harmonic ratio (NHR) and average fundamental frequency, Hz (F 0 ). The most important parameters in the module of vocal efficiency analysis, determined only with use of the DiagnoScope Specialist software, were: -Phonation time -total length of all time intervals marked at the stage of the "analysis interval". -True phonation time -total length of all basic periods within intervals denoted as those containing phonation, for which the value of the voiced parameter is not lower than the minimum value set at the stage of the "analysis interval". -Efficiency coefficient (Perf Coef) -a numerical parameter dependent on voice quality expressed as the value of three short-term parameters (Jitter, U2H, and NHR) during the true phonation. -Average efficiency (Average Perf) -efficiency coefficient divided by the true phonation time, the measure of average voice quality expressed as the value of three short-term parameters (Jitter, U2H, and NHR) within the total range of true phonation time. The results were statistically analyzed to evaluate minimum and maximum values and arithmetic mean of the chosen vocal parameters. Lin's concordance correlation coefficient of two measurement methods was applied to compare the values of average vocal acoustic parameters. A value of p < 0.001 was considered to indicate statistical significance and in this case the compatibility between two methods/measurement devices. Table 1 presents vocal acoustic parameters analyzed with use of the IRIS software; the range of their values are as follows:
RESULTS
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239 Table 1 . NS -not significant. The mean values of the parameters measured in medical students and academic teachers (videolaryngostroboscopy did show voice abnormalities) with use of IRIS software can be adopted as recognized standards for the female population as they have not as yet been worked out by the producer. To date, the values of the parameters obtained in a given patient before and after treatment could be only compared [2] . Table 3) .
DISCUSSION
In modern societies, about one third of the total labor force requires professional use of voice as a primary labor instrument [5] . It is estimated that in Poland about 900 000 people are employed in the education sector. Bearing in mind that the number of non-public schools is still growing, this population is also increasing. The perspectives for the improved vocal health of teaching staff are rather positive. Awareness about the value of preventive actions has been changing among teachers. Pharmacological treatment and physiotherapy are not able to assure permanent recovery, therefore, the number of patients ready to participate in prophylactic and rehabilitation programs is still growing [10] [11] [12] . Updating and radical modification of a classical approach to the vocal fold structure have played a key role in the development of novel methods for laryngeal diagnostics.
The statistical analyses carried out under our study of vocal acoustic parameters evidenced the compatibility between two measurement software programs, IRIS and DiagnoScope Specialist, in objective voice assessment, except for only one parameter, namely formant F4.
